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ABSTRACT

Objectives. To assess existing research on the effects of various interventions on levels of
bicycling. Interventions include infrastructure (e.g. bike lanes and parking), integration with
public transport, education and marketing programs, bicycle access programs, and legal issues.
Methods. A comprehensive search of peer-reviewed and non-reviewed research identified 139
studies. Study methodologies varied considerably in type and quality, with few meeting rigorous
standards. Secondary data were gathered for fourteen case study cities that adopted multiple
interventions.

Results. Many studies show positive associations between specific interventions and levels of
bicycling. The fourteen case studies show that almost all cities adopting comprehensive packages
of interventions experienced large increases in the number of bicycle trips and share of people
bicycling.

Conclusions. Most of the evidence examined in this review supports the crucial role of public
policy in encouraging bicycling. Substantial increases in bicycling require an integrated package
of many different, complementary interventions, including infrastructure provision and pro-

bicycle programs, as well as supportive land use planning and restrictions on car use.

Key words: Bicycling; Active Travel; Active Transport; Health; Intervention; Policy;

Infrastructure; Sustainable Transportation
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Introduction

Bicycling is healthy. That is the conclusion of an increasing number of scientific studies
assessing the impacts of bicycling on levels of physical activity, obesity rates, cardiovascular
health, and morbidity (Anderson et al., 2000; Bassett et al., 2008; Bauman et al., 2008; BMA,
1992; Cauvill et al., 2006; Dora and Phillips, 2000; Gordon-Larsen et al., 2009; Hamer and Chida,
2008; Hillman, 1993; Huy et al, 2008; Matthews et al., 2007; Roberts et al., 1996; and Shephard,
2008). The combined evidence presented in these studies indicates that the health benefits of
bicycling far exceed the health risks from traffic injuries, contradicting the widespread
misperception that bicycling is a dangerous activity. Moreover, as bicycling levels increase,
injury rates fall, making bicycling safer and providing even larger net health benefits (Elvik,
2009; Jacobsen, 2003; Robinson, 2005).

Perhaps due to the increasing evidence of the health benefits of bicycling, many
government agencies and public health organizations have explicitly advocated more bicycling
as a way to improve individual health as well as reduce air pollution, carbon emissions,
congestion, noise, traffic dangers, and other harmful impacts of car use (BMA, 1992; Cavill et al,
2006; Godlee, 1992; OECD, 2004; USDHHS, 1996 and 2008; USDOT, 1994 and 2004; WHO,
2002a and 2002b).

Given the growing consensus on the benefits of bicycling, the important question for
researchers 1s how to increase bicycling. That is the topic of this review paper. Our purpose is
three fold: 1) to list, describe, and categorize the wide range of infrastructure, program, and
policy interventions to promote bicycling; 2) to summarize the available information on where
and to what extent these interventions are currently being implemented; and 3) to assess the
actual impacts of the various interventions on levels of bicycling.

There 1s an extensive and rapidly growing literature that suggests the need to facilitate
bicycling through appropriate infrastructure (such as bike paths and bike parking), traffic
calming, training and education programs, and other supportive measures. Countries and cities
with high levels of bicycling and good safety rates tend to have extensive infrastructure, as well
as pro-bicycle policies and programs, while those with low bicycling rates and poor safety
records generally have done much less (Pucher and Dijkstra, 2003; Fietsberaad, 2006; Pucher
and Buehler, 2008).
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Such aggregate comparisons across cities and countries support the general importance of
policies for encouraging bicycling and improving safety. However, it is not clear which
measures are the most effective and should be given priority in designing and implementing a
pro-bicycle policy package. This article assembles the available evidence on the actual impacts
of a wide range of policies and programs, first according to specific categories of individual

policy measures, and then as packages of coordinated policies and programs.

Methodology

We first developed a list of interventions that are hypothesized to encourage bicycling
directly. The list did not include measures such as congestion pricing, gasoline taxation, and car
parking policies, which probably influence bicycling levels indirectly. An initial list was
reviewed by other experts and practitioners and expanded. While the final list is extensive, it
may exclude promising but rare or recently implemented interventions for which studies are not
available.

Because few studies measuring the effects of such interventions appear in peer-reviewed
journals, we conducted a broad search that also included non-peer reviewed research found in
government documents, conference proceedings, and other sources. Using the list of
interventions, we conducted electronic searches using Google, Google Scholar, TRIS Online
(National Transportation Library), TRANweb, MEDLINE, PUBMED, and ISI Web of
Knowledge. We also consulted about 30 Internet websites devoted specifically to pedestrian and
bicycling information, and which also post many articles and reports on policy interventions to
promote bicycling. The reference lists in each of the located publications were used to identify
additional work. We also contacted bicycle researchers and practitioners in the USA, Europe,
South America, and Australia to identify potential studies.

The small number of high quality studies prevented us from applying the strict criteria for
inclusion used in other related reviews (e.g. Ogilvie, et al., 2004). We decided that including a
wider range of studies would help in building the evidence base and assessing research gaps and
needs, particularly with respect to methodology.

We only included studies that reported impacts specifically on bicycling as a dependent
variable. Studies that combined both walking and bicycling as an outcome measure, e.g. minutes

of physical activity, were not included, in contrast to Ogilvie, et al. (2006). Combined measures
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were often used in studies evaluating interventions that accommodate both modes, such as paths
or trails. Many studies on bicycling interventions focus on safety measures as an outcome,
including the number of crashes or interim measures such as distance between bicyclists and
motor vehicles. While real or perceived safety levels likely influence levels of bicycling, these
studies were not systematically included in this review. Some examples are included when
studies with bicycling outcomes are not available.

Studies conducted at both the individual and aggregate (e.g. city or district) levels were
included. Both revealed and stated preference studies were included. Revealed preference (RP)
studies measure actual behavior, either through self-report (e.g. surveys) or more objective
means (e.g. automatic counters or GPS). Stated preference (SP) studies measure people’s
opinions or intended behaviors. They are often perceived as being less reliable than RP studies.
SP methods are often used to test interventions (or packages of interventions) that do not
currently exist and, therefore, could not be recorded by RP methods. Sophisticated SP studies
provide respondents pairs of choices with different characteristics. For example, a bicyclist might
be asked to choose between a shorter route that does not have a bike lane and a longer route that
includes a bike path.

We only selected studies that included some quantitative measure of an outcome related
to bicycling. Because of the small number of studies and lack of consistency in approaches, we
included a wide range of outcomes. Studies that measured the amount of bicycling were of
highest priority. At the individual level, this could include, for example, the number of bicycle
trips, distance bicycled, or whether or not a person was a bicyclist. At the aggregate level, the
share of people bicycling to work was a common measure; the share of all trips by bicycle was
reported in some studies. More indirect measures included cyclists’ opinions or ratings of
interventions.

In some cases, a single evaluation was reported in more than one source, such as a
government report, a conference paper, and a peer-reviewed journal article. This review includes
only the journal article, unless unique information appears in one of the other sources. Finally,
we limited the search to studies in English and focused on studies conducted since 1990. Our
search resulted in 139 references that included evidence of the effect of specific interventions on

bicycling, of which 65 appeared in peer-reviewed publications (see Tables 1 through 4). That
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does not include citations used for the case study cities. Nearly all of the studies were of adults,

except for those that focused on school-based interventions.
Results

Travel-related Infrastructure

Perhaps the most common types of intervention are those that aim at separating cyclists
from motor vehicles while traveling between origins and destinations. See Table 1 for
descriptions of each intervention and results. Striped bike lanes and separate paths are common
in North America and Europe, but many European cities also use pavement coloring and other
innovations such as cycletracks, which function like a bike lane, but have more physical
separation from motor vehicles (see Figure 1 for an example). There were 40 studies that
attempted to evaluate the effect or value of bike lanes and/or separated paths. Study
methodologies varied widely, including both stated and revealed preference and individual and
aggregate-level analysis. Very few of the studies were longitudinal, and there were few
quantitative estimates of the effect of facilities on overall rates of bicycling, sometimes because
of the methodologies employed. For example, many of the studies used convenience samples of
avid cyclists instead of random samples.

Most of the aggregate-level studies found a positive and statistically significant
relationship between bike lanes and levels of bicycling, while the individual-level studies had
mixed findings. A cross-sectional study at the city-level of over 40 U.S. cities found that each
additional mile of bike lanes per square mile was associated with about a one-percentage point
higher share of workers regularly commuting by bicycle (Dill and Carr, 2003). A study of
Seattle, WA residents found no relationship between the presence of a bike lane (objectively
measured) and the odds of bicycling, but did find that being near a path mattered. For example,
people living within a half-mile of a path were at least 20% more likely to bicycle at least once a
week, compared to people living between one-half and one mile away from a path (Vernez-
Moudon et al., 2005).

Stated preference studies almost uniformly found that both cyclists and non-cyclists
preferred having bike lanes to riding in mixed traffic. The findings from the studies of off-street
paths were varied, with some showing positive associations and others showing no statistically

significant relationship. There were only four studies examining two less common (in the USA)
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types of roadway infrastructure: bicycle boulevards and traffic-protected cycletracks. The
findings generally show a positive association between these facilities and bicycling, though
without good estimates of the quantitative effects on actual bicycling rates.

Bicycle boulevards employ similar techniques as traffic calmed streets to reduce the
number and speed of cars (see Figure 2 for an example). Of the six studies on traffic calming, all
but one found positive results, though none rigorously measured the effects on the amount of
bicycling. Although car-free zones, home zones, and complete streets also improve the street
environment for bicyclists, no studies have measured their effects on the amount of bicycling.

Several studies point to the need to consider characteristics of the bicyclist. At least three
studies found differences in facility preferences between men and women, with women generally
more attracted to infrastructure with less motor vehicle traffic (Dill and Gliebe 2008; Emond, et
al, 2009; Garrard, et al, 2008). However, Emond et al (2009) note that while women liked low-
traffic streets, they felt less comfortable than men on off-street paths, perhaps because of security
concerns. A majority of the stated preference studies that analyzed both bike lanes and bike paths
found that more experienced cyclists preferred the on-street lanes over paths. These cyclists
appear less willing to trade-off the additional time required to divert to use separated paths,
presumably because they feel more confident in bicycling closer to motor vehicle traffic. These
findings are consistent with two recent studies using GPS data and samples of cyclists (Dill and
Gliebe, 2008; Harvey, et al., 2008).

Observational studies were more common for analyzing pavement markings aimed at
reducing conflicts between motorists and cyclists, including colored lanes, shared lane markings,
and bike boxes (also known as advanced stop lines, see Figure 3 for an example). Some, but not
all, of the studies concluded that such treatments reduced behaviors that may lead to crashes,
such as motorists not yielding to cyclists. None estimated an effect on levels of bicycling. Many
researchers hypothesize that if people perceive an increase in safety, they will be more likely to
bicycle. Those studies that included surveys of cyclists found an increased perception of safety.
Other traffic controls may also affect bicycling. For example, one study shows that a decrease in
the number of stops along a route (e.g. due to stop signs or signals) increases bicycling (Rietveld

and Daniel, 2004).
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End-of-Trip Facilities and Transit Integration

There is a general consensus on the need to provide good bike parking for cyclists—
especially secure, sheltered parking to prevent theft and protect bicycles from inclement weather
(AASHTO 1999; APBP 2002; Fietsberaad 2006; Litman 2009; Netherlands Ministry of
Transport 2009; Pucher 2008; USDOT 2007). Perhaps due to the obvious importance of bike
parking, few studies have even attempted to measure the impact of bike parking on bicycling
levels. Moreover, it is not clear to what extent the provision of parking facilities follows
increased bicycling levels instead of preceding and encouraging more bicycling. The causation
1s almost certainly in both directions (Fietsberaad 2006; USDOT 2007; Netherlands Ministry of
Transport 2009).

Most of the information in Table 2 relates to the nature and extent of the various types of
end of trip facilities. In virtually every city we reviewed, the supply of bike parking has been
expanding, and many cities have been providing increasing amounts of sheltered parking,
guarded parking, and state-of-the-art bike stations which provide a full range of storage, shower,
rental, repair, and other services. There are no comprehensive statistics on bike parking supply
for any country, and most city statistics only include publicly provided parking spaces.

Some cities monitor the usage of parking facilities, but that is only an indirect reflection
of bicycling rates, since bicycles can be parked for hours, days or even weeks. There are few
rigorous studies of the impacts of bike parking on bicycling levels. Using multivariate analysis
of the UK’s National Travel Survey—combined with SP survey data—Wardman et al. (2007)
estimated statistically significant impacts of parking and showers on bicycling levels. Compared
to a base level of 5.8% of work trips by bicycle, the provision of outdoor bike parking was
estimated to raise the bicycle share to 6.3%. Secure indoor parking raised the bicycle share to
6.6%, and to 7.1% when combined with shower facilities. In a stated preference experiment,
Hunt and Abraham (2007) surveyed cyclists in Edmonton, Canada and found a statistically
significant impact of secure parking at the destination, equivalent to a reduction of 27 minutes of
in-route bicycling time. They estimated a much smaller, but statistically significant impact of
shower facilities, equivalent to a reduction of 4 minutes of in-route bicycling time.

Bike parking is one of the key aspects of the integration of bicycling with public

transport. As noted in Table 3, the focus in Europe and Japan has been on providing massive
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amounts of bike parking at rail stations. Bike parking at bus stops is far less common and is
mostly in northern Europe, where few if any buses are equipped with bike racks.

Martens (2007) surveyed the impacts of improved bike parking at both rail stations and
bus stops in the Netherlands in the context of specific pilot projects during the 1990s to improve
integration of bicycling with public transport. He found significant increases in both public
transport use and bicycling, but mainly for bicycle trips between home and the suburban rail
station (access trip) and far less for bicycle trips between the terminal station and the activity end
of the trip (egress trip). Taylor and Mahmassani (1996) estimated a strong preference of cyclists
for secure parking at public transport stations, especially in the form of bike lockers.

Martens (2007) notes the success of the Dutch public transport bicycle system (OV-
Fiets), which provides convenient and inexpensive short term bicycle rentals (using automated
smart card technology) for trips from major train stations to the final destinations of travelers,
usually near the city center. The evidence compiled by Martens confirms that better integration
of bicycling with public transport leads to more bike and ride trips, and probably to more
bicycling overall.

Bicycles on buses and bicycles on rail vehicles are also important forms of integration
with public transport, but no studies have explicitly measured their impact on bicycling levels
(USDOT 1998; TRB 2005). Some public transport systems in North America (where most of
the world’s rack-equipped buses are) report usage rates for bike racks on their buses, but time
trends are not usually provided, and the results, at any rate, would not necessarily translate into
more bicycling.

In short, the few available studies confirm the logical assumption that better bike parking
and better integration of bicycling with public transport encourage more bicycling. But the

empirical evidence is limited to a few cities, making the results difficult to generalize.

Programs

Programmatic interventions aim to increase bicycling through promotional activities,
media campaigns, educational events, and other means (Table 4). Many programs target travel
in general, with the goal of reducing vehicle travel by shifting trips to transit, walking, or
bicycling. Examples include trip reduction programs, individualized marketing programs, and

travel awareness programs, generally focusing on adults. Safe Routes to School programs focus
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on children, though infrastructure improvements near schools could also influence adult behavior
(Watson and Dannenberg, 2008). Programs that target bicycling specifically include Bike to
Work days (or weeks or months) and other promotions, as well as training events.

Evidence on the effect of general travel programs on bicycling is slim. Most evaluations
focus on vehicle trip reduction, and impacts on bicycling are often not reported or even
measured. The few studies available suggest limited impacts on bicycling, even when programs
have a significant effect on vehicle travel; increases in transit use and walking exceed increases
in bicycling, in all studies reviewed. Safe Routes to School programs have emphasized walking
more than bicycling, and only one study showed a significant increase in the number of students
bicycling to school (Staunton, et al., 2003).

The findings for bicycle-specific programs are more encouraging, though few rigorous
evaluations of these programs are available. Participation in Bike to Work Days is increasing in
many cities, particularly by new bicycle commuters. In San Francisco, bicycle counts remained
25.4% higher one month after the event (LAB, 2008); in Victoria, over one quarter of first time
cyclists were still bicycling five months later (Rose and Marfurt, 2007). Other events and
promotions have also led to an increase in bicycling. One study shows a lasting effect of a
bicycling skills program (Bauman, et al., 2008). Ciclovias are events where streets are
temporarily closed to motor traffic, usually on weekends. They have become more common
throughout the Americas and attract large numbers of bicyclists (Sarmiento et al., 2010). One
study of the ciclovia in Bogota found that riding in ciclovias was associated with more utilitarian
cycling as well (Gomez et al, 2005).

Bicycle Access

People cannot bicycle if they do not have access to a bicycle, and studies show that the
availability of a bicycle in a household is the strongest single predictor of bicycling for
transportation (Cervero et al., 2009). Several different kinds of programs aim to increase access
to bicycles, either through facilitating ownership or enabling temporary use of a bicycle (Table
4). Bike sharing programs, sometimes called city bike programs, have grown in popularity
throughout the world.

The impacts of these programs are hard to assess, as they are often accompanied by
expansion of the bicycle network in anticipation of increased bicycling. Available studies show

that these programs are well used and that the share of trips by bicycle has increased in cities that
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have implemented bike sharing programs. The share of trips by bicycle increased from 0.75%
to 1.76% in Barcelona (Romero, 2008) and from 1.0% to 2.5% in Paris (Nadal, 2007; City of
Paris, 2007). In Lyon, bicycle counts increased 75% after implementation of the Velo’v
program, with bicycle share reaching 2% in 2007 (Bonnette, 2007; Velo’v, 2009). A study of the
OYBike in London showed that 40% of users shifted from motorized modes (Noland and
Ishaque, 2006). These results are confounded, however, by improvements in bicycling facilities
implemented at the same time as the bike sharing program. Programs in which participants are

given bicycles have also led to an increase in bicycling.

Legal Issues

Traffic laws may affect bicycling in different ways (Table 4). Bicycle helmet laws have
been controversial. Helmets can help prevent head injuries in falls and crashes, but laws
requiring helmet use have been shown to reduce bicycling (Clarke, 2006; Robinson, 2006).
Reduced speed limits for motor vehicles increase bicycling in two ways: by increasing the speed
of bicycling relative to the speed of driving, and by increasing the safety of bicycling. Most

studies, though not all, show an increase in bicycling with lower automobile speed limits.

Case Studies of Comprehensive Packages

It 1s difficult to isolate the separate impacts of individual policy interventions designed to
promote bicycling. For example, the impacts of improved bike parking, bicycling training, and
individualized marketing are probably influenced by the extent and quality of the bikeway
network. Similarly, bike-to-school and bike-to-work programs are more likely to be successful if
residential neighborhoods are traffic calmed. In short, measures to promote bicycling are
expected to be interactive and synergistic.

Case studies provide an opportunity to examine the impacts of packages of mutually
supportive pro-bicycle policies. Table 5 summarizes case studies of fourteen cities which
implemented a wide range of measures to increase bicycling and improve safety. Most of the
information comes from detailed case studies of bicycling trends and policies published in
Fietsberaad (2006), Pucher and Buehler (2007), Buehler and Handy (2008), and Buehler and
Pucher (2009). Some of the information, however, is based on data collected from primary

sources for this review (see table for details).
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The most important message from Table 5 is that some cities, even very large cities, have
dramatically raised bicycling levels while also improving bicycling safety. Berlin, for example,
almost quadrupled the number of bicycle trips between 1970 and 2001 and doubled the bicycle
share of trips from 5% in 1990 to 10% in 2007. In spite of the sharp rise in bicycling, serious
injuries in Berlin fell by 38% from 1992 to 2006. In only six years, the bicycle share of trips
within the City of Paris more than doubled from 1% in 2001 to 2.5% in 2007. The bicycle share
of trips in Bogota quadrupled from 0.8% in 1995 to 3.2% in 2006. The total number of bicycle
trips in London doubled between 2000 and 2008, and bicycle trips to school rose by 75%. Over
the same period, bicyclist injuries fell by 12%. Amsterdam raised the bicycle share of trips from
25% 1n 1970 to 37% in 2005; serious bicyclist injuries fell by 40% between 1985 and 2005.
From 1995 to 2003, the bicycle share of trips in Copenhagen rose from 25% to 38% among those
40 years and older. Yet, there was a 60% decline in serious injuries. Between 1990 and 2005-07
(averaged), the number of workers commuting mainly by bicycle in Portland, Oregon more than
quadrupled (+329%), while the share of workers commuting by bicycle rose from 1.1% to 3.9%.

Of the medium-sized cities in Table 5, Freiburg, Germany reported the largest increase in
bicycling, almost doubling the bicycle share of trips from 15% in 1982 to 27% in 2007. Modest
growth was reported for Muenster, Germany (from 29% to 35% of trips), Odense, Denmark
(23% to 25%), and Groningen, Netherlands (stable at around 40%). That suggests that it may be
difficult to increase bicycling beyond certain already high levels. In both Odense and
Groningen, however, the number of serious bicycling injuries fell sharply.

The two smallest cities shown are both in the USA and provide interesting contrasts. In
Boulder, Colorado, the share of workers commuting by bicycle rose from 3.8% in 1980 to 6.9%
in 2000 and 8.8% 1n 2006 in response to an aggressive program of bikeway expansion and
complementary pro-bicycle measures. By comparison, the share of workers commuting by
bicycle in Davis, California fell from 28% in 1980 to 14% in 2000, in spite of extensive
bikeways and bike parking. The decline of bicycling to work in Davis is mainly attributable to a
sharp increase in long-distance commuting to jobs in other cities in the Sacramento and San
Francisco areas.

The fourteen cities showcased in Table 5 are not necessarily representative, but they
illustrate a wide range of policy interventions. With so many measures integrated into the pro-

bicycle policy package of each city, it would be virtually impossible to disentangle the impacts
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effect of some specific interventions is not the same as evidence of a lack of positive effect.

Our review reveals considerable variation in estimated impacts, both by type of
intervention and by study design, location, and timing. That makes it difficult to generalize
about the effectiveness of individual interventions or of bicycle interventions as a whole.
Moreover, measures of bicycling (e.g. number of cyclists, number of bicycle trips, share of trips
by bicycle, etc.) are not consistent across studies, making comparisons of estimated impacts
difficult. Complicating matters further, some studies do not adequately explain their measures
and methods, so it is difficult to assess whether variations across studies are simply an artifact of
different methods used rather than a true difference in impacts. Non-peer-reviewed studies
conducted by government agencies on their own interventions or by non-governmental
organizations that advocate for bicycling policies may raise concerns about potential bias in the
reporting of results.

The crucial limitation, however, is that most studies fall far short of the ideal research
design for evaluating interventions, involving before and after measurements of a “treatment”

and a “control” group (Krizek, et al. 2009). As a result, these studies do not adequately address
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